Dermal sarcoma is a benign skin tumor of adult walleyes (Stizostedion vitreum vitreum) with a suspected viral etiology. A laboratory study was initiated to determine if the tumor could be experimentally transmitted by inoculating young walleyes with materials prepared from tumors from adult fish. Eighty walleye fingerlings were divided into four groups of 20 fish each. Two groups were inoculated intramuscularly at 4 months of age either with live tumor cells or with cell-free filtrates of sonicated tumor cells. The two other groups were used as controls and were inoculated either with cultured cells from normal walleye fry or with tissue culture media. Neoplasms, similar to the dermal sarcoma affecting adult walleyes, were observed after 4 months only in fingerlings inoculated with cell-free filtrates of sonicated tumor cells. Like the tumor affecting wild adult walleyes, the transmitted tumors were restricted to the dermis and originated from the superficial surface of scales. They-never invaded locally and never metastasized. The transmitted tumors differed from tumors of adult walleyes in their severity and the absence of osteoid. The multicentric origin of transmitted walleye dermal sarcoma suggests that the virus spreads systemically and that tumor cells are polyclonal. This successful transmission of the lesion, along with the presence of C-type virus particles budding from tumor cells in two of seven tumor-bearing fingerlings, supports a retroviral etiology.
Walleye dermal sarcoma is a benign skin tumor of adult fish diagnosed in adult walleyes from a number offish populations throughout North Amefica.g-ll The tumor has been most often observed during the spring removed from some of the fish at the hatchery and stored at -90 C until used. Other tumor-bearing walleyes were transported to Cornell University, where they were maintained in temperature-controlled holding Units (Frigid Units, Inc., firmed histologically on these fish according to criteria al-spawning SeaSon when large numbers of fish are ban-OH) at 8-12 cdermal Sarcoma Was condled by governmental fisheries agencies. Electron miready l C retrovirus-like particles budding extracellularly and 3 weeks old) were by NYSDEC to the South from tumor cell membrane~.~-~l Otselic Hatchery ponds in order to be reared to fingerling Prevalence of the lesion is seasonal; it is common size (75 mm). Fingerling walleyes were obtained for this study in the spring and fall, but rare in the summer.' Walleye from the NYSDEC South Otselic Fish Hatchery on 22 June dermal sarcoma is also age-related; it is not observed 1988. Upon arrival in our laboratory, the fish were placed in sexually immature fingerlings. I in temperature-controlled holding units where they were kept In order to demonstrate the viral etiology for this without treatment during an acclimation period of 6 weeks. neoplasm and to provide a model for studying the During the entire holding period, the fish were provided a seasonal prevalence of dermal sarcoma, transmission ration of swim-up fathead minnow (Pimephales P o m e h ) croscopy has revealed the presence Of type Swim-up fry (after absorption of yolk sac, approximately fry every other day. They readily accepted this food. After the acclimation period, 8o fingerlings were separated into four groups of 20 fish. Each of the four groups received one of the four different inocula described below. Each of these four groups was divided into five subgroups of four fish. Each subgroup of four fish was placed in a randomly selected, 40liter glass aquarium provided with aeration and flowing water at 10 C. The experimental procedure consisted of inoculating 0.1 ml of one of the following four inocula into the right dorsal muscles of each fish: viable tumor cells, acellular filtrate of of the lesion into susceptible animals with acellular is The purpose Of this study was to attempt transmission Of Sarcoma from adult to fingerling walleyes.
Materials and Methods
Adult, tumor-bearing walleyes were collected from the Oneida Lake New York State Department of Environmental Conservation (NYSDEC) Constantia Fish Hatchery on 8 April 1988. Oneida Lake water temperature was 6 C. Tumors were 230 sonicated tumor cells, viable cultured cells from normal walleye fry, and tissue culture medium. The first inoculum consisted of viable dermal sarcoma cells (0.6 x 105/fish) in FM4-20 medium (4.46 mM minimum essential medium with Hank's salt, 29.2 pglml L-glutamine, 100 U/ml penicillin, 100 pglml streptomycin, 0.25 pglml fungizone and 20% fetal bovine serum). The second inoculum consisted of 1.4 g of frozen (-90 C), aseptically dissected dermal sarcoma tissue that was thawed, minced with scissors in 5 ml phosphatebuffered saline, ground with a tissue grinder, sonically disrupted, and passed through a 0.20 pm porosity cellulose acetate membrane filter (Corning Glass Works, Corning, NY). Following inoculation, fish were observed daily. Fish showing any gross abnormalities were collected and processed for both light and electron microscopy. Four months after inoculation, the remaining 45 fish were euthanatized by placing them in methane tricaine sulfonate. They were then necropsied. For light microscopy, whole fish were fixed in 10% neutral buffered formalin. After proper fixation, four complete transverse sections of each fish were dehydrated through graded ethanol solutions, embedded in paraffin, sectioned at 5 pm, and stained with hematoxylin and eosin. For transmission electron microscopy, tissues from tumors were fixed at 4 C in 2.5% glutaraldehyde buffered with 0.1 M cacodylate (pH 7.4), post-fixed in 1% osmium tetroxide in 0.1 M cacodylate buffer (pH 7.4), dehydrated through graded series of ethanol solutions, and embedded in Spurr's low viscosity medium. Semi-thin sections (1-2 pm) were cut, stained with toluidine blue, and examined by light microscopy. Thin sections (90-100 nm) were cut with a diamond knife through selected fields, stained with uranyl acetate and lead citrate, and examined at 80 kV with a Philips 30 1 transmission electron microscope. Tumors from five adults collected in the spring and from 12 fish collected in the fall were examined by electron microscopy to determine the presence of viruses.
Results
During the 2 weeks following the treatments, a total of 1 1 fish (1 4%) died. The cause of death was a severe cutaneous infection with the protozoa Ichthyophthirius. The infection was treated with copper sulfate added to the water at 3 mg/liter as flush treatment during the third week. Within 3 days, severe mortality occurred: 17 fish (21%) died. The cause of death was assumed to be acute copper toxicity since an immediate increase in water exchange rate and subsequent low-water copper levels stopped mortalities within 24 hours. After this episode, mortality became negligible (seven fish) for the remaining 3 months of the experiment.
Tumors restricted to the dermis were first observed grossly 14 weeks after inoculation in the fingerlings that received the filtrate inoculum prepared from the naturally occurring tumors of adult walleyes (Table 1) . Grossly, the skin of affected fingerlings showed large, 1-1.5 cm in diameter, ill-demarcated, and slightly elevated (2-3 mm) areas with a rough granular surface and an irregular outline. These areas involved 30 to 50% of the body surface and were most apparent over the inoculation site ( Fig. 1 ). There was no metastasis or invasion of adjacent structures. Microscopically, the dermis was irregularly thickened by numerous, often coalescing, randomly distributed, and highly cellular masses that clearly originated from the superficial surface of scales (Fig. 2) . This was obvious in the early stages of tumor growth (Fig. 3) . The variably-sized and well-demarcated masses were not encapsulated, and the largest ones markedly raised the overlying, often ulcerated epithelium ( Fig. 2a ). There was superficial necrosis of the most severely ulcerated tumors.
The tumors consisted of densely and disorderly arranged cells with little or no intervening collagenous matrix. The tumor cells were oval to fusiform with scarce to moderately abundant, pale, basophilic, and finely granular cytoplasm that was scarce to moderately abundant. Each of the oval-to cigar-shaped nuclei had a thin rim of marginated heterochromatin and a single, discrete nucleolus ( Fig. 4) . Single cells scattered throughout the tumors were necrotic. Mitotic figures were rare, except in a single case where cellular anaplasia was pronounced, and mitoses were moderately frequent (3 to 4 mitoses per high-powered field).
Ultrastructurally, the scarce cytoplasm of tumor cells contained well-developed granular endoplasmic reticulum, many large mitochondria, and some lipid droplets of various size, corresponding to the vacuoles ob- served by light microscopy. The cell membrane formed a moderate number of long, intermingling processes closely associated with bundles of collagen fibrils, which were numerous. The nucleus to cytoplasm ratio was high, and the nuclear membrane was slightly irregular and occasionally scalloped (Fig. 5) .
In two fingerlings, numerous viral particles of uniform morphology and size (100 nm in diameter excluding spikes) were observed in the intercellular space, with a smaller number of particles budding from cytoplasmic membranes of tumor cells ( Fig. 6) . Most of the free particles had a central and circular electrondense core containing a smaller central electron-lucent area (doughnut shape) interpreted as incompletely condensed nucleoid. The core was surrounded by a thick, electron-lucent space, and discrete spikes were apparent on the envelope. The nucleoid of budding particles (Fig. 6 ) was separated from the cell membrane by an M Fig. 2 . Walleye fingerlings, transmitted dermal sarcoma ( Fig. 2a ), control (Fig. 2b) ; muscle = M and lateral line = L. Fig. 2a . Skin of fingerling walleye inoculated with cell-free filtrate of dermal sarcoma. Multiple coalescent, densely cellular masses limited within the dermis originate from scales (arrows). Subjacent muscle (M) and lateral line (L) are intact. Fig. 2b . Control fingerling inoculated with tissue culture medium. HE. Bar = I mm.
electron-lucent space of the same thickness as the electron-lucent space surrounding the core of the free particles. No intracellular virus particles were seen.
In all affected fish, a moderately dense population of lymphocytes infiltrated the dermis overlying the tumors and extended into the subjacent tumor mass. The basal layers of epithelium overlying the most severely infiltrated tumors were also infiltrated by variable numbers of lymphocytes.
At the inoculation sites of all fish, there was subacute to chronic focal myositis characterized by the presence of a moderate number of lymphocytes and fewer macrophages in the interstitial tissue. In the chronic lesions, atrophy and degeneration of entrapped muscle fibers resulted from deposition of collagen in the interstitial tissue and between muscle fibers.
Fisher's exact test and Yates corrected Chi-square analyses (STATISTIX, NH Analytical Software, Roseville, MN) were performed on survival of fish following the parasite infestation and on incidence of dermal sarcoma, respectively. No significant treatment (inoculum) effects (P > 0.05) were observed for survival of the walleye fingerlings following the parasitic infestation and copper treatment. A significant (P < 0.01) inoculum effect was observed for the number of induced walleye dermal sarcoma for those fish inoculated with the dermal sarcoma filtrate, when compared to fish receiving all other inocula. 
Discussion
The tumors observed on fingerlings were histologically similar to the dermal fibroblastic tumor, termed walleye dermal sarcoma, of adult walleyes. Like the adult walleye tumor, the fingerling tumors were restricted to the dermis, originating from the superficial surface of scales. They never invaded locally and never metastasized. They were not as well circumscribed as the nodular lesion of adult^^-'^ and were more widespread; normal nucleus to cytoplasm ratio, scarcity of mitoses, and abundance of rough endoplasmic reticulum were observed in the transmitted tumors and are features of a benign fibroblastic neopla~m.~ Even though the tumor seen in adult fish has the characteristic behavior of a benign neoplasm, tumor cells often have a highly anaplastic appearance (personal observation). In future studies, it will be interesting to allow induced tumors to grow for a longer period of time to observe whether tumor cells progress to a more anaplastic phenotype.
This study is the second report of successful experimental transmission of a fish tumor suspected to be caused by a virus with morphologic findings consistent with those of type C r e t r o~i r u s .~,~,~ Lymphosarcoma of northern pike (Esox lucius) and muskellunge (Esox rnasquinongy) has been transmitted using filtered extracts of turn or^.^.^.^ In these studies, the presence of type C virus-like particles in purified homogenates of tumors has been associated with reverse transcriptase activity; however, electron microscopic examination of thin sections of induced tumors could not detect retrovirus-like particles even though such particles were detected in tumors of adults.
Even though type C-like viral particles were seen in two induced neoplasms, we have been unable to demonstrate the presence of viral particles in tumors from adults. These particles had the same morphologic findings as the particles reported in the earlier descriptions of this Our inability to detect viral particles in tumors from adults may be a result of the lack of sensitivity of electron microscopy as a means of detection; however, electron micrographs of numerous, morphologically identical viral particles in the same tumor from adult walleyes from Oneida Lakeg and from central CanadaloJ1 have been published. In addition, we have successfully demonstrated the presence of morphologically identical particles in purified fractions from two successive sucrose gradients prepared from homogenate of tumor tissue from adults (Martineau et al. in press). These are evidence for the presence of type C-like viral particles in the material that we inoculated into the fingerlings.
The multicentric origin of transmitted walleye dermal sarcoma suggests that the virus spread systemically and that tumor cells were polyclonal. This, along with the high proportion of inoculated fish that developed the tumor and the short time necessary for the tumor to appear, suggests that the putative retrovirus is acutetransforming and most likely Carries an oncogene. Alternatively, products from nonstructural genes, such as the tat gene from human T-lymphotropic virus type I that has been recently considered as an oncogene,6 could induce tumors in target tissues. These points are speculative, however, and additional information is required to support this hypothesis.
Restriction of the tumor to the epidermal surface of the scale is intriguing and contrasts with other animal retrovirus-induced sarcomas, such as Harvey murine sarcoma and Rous sarcoma that arise from the inoculation site of infectious The induction of tumors in fingerlings similar to those found in adult fish suggests that hormonal factors &re not a prerequisite for the development of the naturally occurring neoplasm. The presence of mature and budding viral particles in tumor tissue from young immature animals further suggests that (1) this is a replication-competent retrovirus or that, alternatively, (2) a helper virus is present in tumor cells. Since there is only one known acute-transforming retrovirus that is replication-competent, the Rous sarcoma virus, further characterization of the walleye dermal sarcoma virus is warranted.
